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PROBLEM TO BE SOLVED: To provide a device and a method - ^ | s S: 

for monitoring performance of a fuel cell stack. 
SOLUTION: The voltage of a fuel cell 4 in a stack 2 is monitored 
by using opt-isolators 14-20 equipped with light emitters 22 and 
plural photo-detectors 24 forming a row 40 being connected in 
series, and when an abnormal condition occurs, a warning is 
issued or a correcting action is started. When all fuel cells are 
normal, all light emitters 22 emit light and all photo detectors 24 
in the row 40 are closed, in order to pass a constant current in 
the row 40. If at least one fuel cell malfunctions, since a voltage 
of the fuel cell is lowered below a start voltage of the light 
emitter and the related light emitter disappears, the photo 
detector relating to the light emitter is opened, in order to cut 
off the current in the row. Thereby, a warning is issued or an 
action to protect the defective fuel cell is started. 
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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a device and a method for 
monitoring performance of a fuel cell stack. 

SOLUTION: The voltage of a fuel cell 4 in a stack 2 is monitored by 
using opt-isolators 14-20 equipped with light emitters 22 and plural 
photo-detectors 24 forming a row 40 being connected in series, 
and when an abnormal condition occurs, a warning is issued or a 
correcting action is started. When all fuel cells are normal, all light 
emitters 22 emit light, and all photo detectors 24 in the row 40 are 
closed, in order to pass a constant current in the row 40. If at least 
one fuel cell malfunctions, since a voltage of the fuel cell is lowered 
below a start voltage of the light emitter and the related light 
emitter disappears, the photo detector relating to the light emitter 
is opened, in order to cut off the current in the row. Thereby, a 
warning is issued or an action to protect the defective fuel cell is 
started. 




LEGAL STATUS 

[Date of request for examination] 1 7.08.1 999 

[Date of sending the examiners decision of 05.01.2001 
rejection] 

[Kind of final disposal of application other than the 
examiner s decision of rejection or application 
converted registration] 



http://wwwl9.ipdl.ncipi.go.jp/PAl/result/detail/main/wAAADmaG2xDA412067^ 



7/12/2005 



JP,2000-067896,A [CLAIMS] 



Page 1 of 2 



* NOTICES * 

iTPO and NCIPI are not responsible £or any 
damages caused by tbe use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
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CLAIMS 



[Claim(s)] 

[Claim 1] It is a fuel cell stack and they are two or more fiiel cells of each by which series connection was 
carried out electrically. Two or more fiiel cells with which each fuel cell generates cell voltage normal under 
normal operating state, and generates the cell voltage lower than normal values under abnormality operating 
state, (1) Connect with at least one of said the fuel cells, and said cell voltage is answered. The photoemitter 
which emits light when said cell voltage is normally larger than a predetermined value, and becomes dark when 
said cell voltage is lower than normal values and smaller than said predetermined value, (2) While said 
photoemitter is approached, this photoemitter is answered and this photoemitter is emitting light, a current 
Through, Two or more optoisolators respectively equipped with the photodetector which is a photodetector 
which intercepts a current when this photoemitter is dark, each other is electrically connected to a serial, and 
forms a train. When existence of the current source which supplies a current to said train, and the current in said 
train is detected and the flow of the current within said train is intercepted, emit warning to the operator of said 
fuel cell stack, and/or a correction measure is started automatically. The fuel cell stack possessing the detector 
which protects a fuel cell with an electrical potential difference lower than normal values. 

[Claim 2] It is a PEM fuel cell stack and they are two or more fuel cells of each by which series connection was 
carried out electrically. Two or more fuel cells with which each fuel cell generates cell voltage normal imder 
normal operating state, and generates the cell voltage lower than normal values under abnormality operating 
state, (1) Connect with said fuel cell of a pair and the sum of the electrical potential difference of this a pair of 
cell is answered. The photoemitter which emits light when said sum is larger than a predetermined value, and 
becomes dark when said sum is smaller than said predetermined value, (2) While said photoemitter is 
approached, this photoemitter is answered and this photoemitter is emitting light, a current Through, Two or 
more optoisolators respectively equipped with the photodetector which is a photodetector which intercepts a 
current when this photoemitter is dark, and is electrically connected to seriate at a serial, When existence of the 
current source which supplies a current to the train of said photodetector, and the current in said train is detected 
and the flow of the current of said train is intercepted, emit warning to the operator of said fuel cell stack, and/or 
a correction measure is started automatically. The PEM fuel cell stack possessing the detector which protects 
the fiiel cell in said fuel cell stack with an electrical potential difference lower than normal values. 
[Claim 3] It is the PEM fuel cell stack according to claim 2 which said detector detects the electrical potential 
difference of said train while the current is flowing in said train, emits waming to the operator of said fuel cell 
stack by said current source supplying a fixed current to said train when the electrical-potential-difference value 
of said train becomes smaller than a predetermined value, and/or starts said correction measure automatically. 
[Claim 4] By starting a correction measure automatically so that the broken fuel cell in the stack which has two 
or more fuel cells by which series connection was carried out may be detected and the fuel cell which this broke 
down may not damage it It is the approach of protecting said broken fuel cell. Each of the a. aforementioned 
fuel cell It is the step combined with the optoisolator equipped with the photodetector of the contiguity which 
answers the light which photoemitter and this photoemitter emit. Light is emitted when it is shown that the 
electrical potential difference of said fuel cell is larger than a predetermined value in said photoemitter, and 
actuation of said fuel cell is normal. The step which connects with said fuel cell so that it may become dark 
when it is shown that the electrical potential difference of said fuel cell is smaller than said predetermined 
value, and actuation of said fuel cell is unusual, b. The step which connects said each photodetector of each 
other with said other photodetectors, and forms the train of the photodetector by which series connection was 

http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje?u=http%3A%2F%2Fwww4.ipdl.ncipi.go.... 7/12/2005 
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carried out, c. The step which intercepts the flow of a current for a current through said train when [ of a sink 
and said photoemitters ] at least one is dark while said all photoemitters are emitting light, d. When the flow of 
the step which detects ttie flow of said current in said ti ain, and the current in the e. aforementioned train is 
intercepted, emit warning to the operator of said fuel cell stack, and/or a correction measure is started 
automatically. The approach equipped with the step which protects the fuel cell in said fuel cell stack with an 
electrical potential difference lower than normal values. 

[Claim 5] Said correction measure is an approach including the imload of said fuel cell stack according to claim 
4. 

[Claim 6] (1) Supervise the electrical potential difference of said train in the selected position in said train, said 
train ~ letting it pass — a fixed current — a sink and (2) ~ (3) — the electrical potential difference of said train — 
predetermined threshold voltage ~ comparing — (4) — by emitting warning to the operator of said fuel cell 
stack, and/or starting a correction measure automatically, when the electrical potential difference of said train 
becomes smaller than said threshold voltage The approach containing the step which detects the current of said 
train according to claim 4. 

[Claim 7] Said optoisolator is an approach according to claim 6 which is connected to said fuel cell of a pair and 
answers the sum of each electrical potential difference of the fuel cell which constitutes said pair. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the approach and equipment which protect a fuel cell from 
damage by polar reversal by emitting waming to the operator of this stack, and/or starting a correction measure 
(for example, the unload (unload) of the fuel cell stack being carried out), and protecting the cell of failure in a 
stack, when each fuel cell in the stack of a fuel cell is supervised and the stack operating state which is not 
desirable is shown, 

[0002] the [ to which the American government was given by the American Department of Energy / contract ] - 

- it has the right of this invention according to DE-AC02-90CH No. 10435. 

[0003] 

[Description of the Prior Art] The fuel cell is proposed as a power source over many application. The so-called 
PEM (proton exchange film) fuel cell (known also as an SPE (solid-state polymer electrolyte) fuel cell) has high 
energy, has the potential capacity to be low weight, therefore is desirable to the application (for example, 
electric rolling stock) to movable equipment. It has the thin solid-state polymer film electrolyte (for example, 
ion exchange resin like a fault fluorination (perfluoronated) sulfonic acid) of proton conductivity which the 
PEM/SPE fuel cell is well-known with the technique concemed, tiiese fuel cells are equipped with a "membrane 
electrode assembly" (known also as MEA), and the membrane electrode assembly has an anode plate in the 
field of one of these, and has cathode in the field of another side. An anode plate and cathode are equipped with 
the proton conductivity resin which mixed the carbon particle divided minutely typically, the catalyst particle 
which was supported by the inside and extemal surface of this carbon particle, and which was divided very 
minutely, and these catalyst particle and a carbon particle, and was put together. A membrane electrode 
assembly is inserted between the conductive elements of a pair. This conductive element works as a collector of 
an anode plate and cathode, and has a proper slot and/or proper opening, and distributes the gas reactant of a 
fuel cell to the front face of each catalyst of an anode plate and cathode. Two or more cells [ both ] of each are 
bundled, and a fuel cell stack is formed. A PEM fuel cell is H2-02 fuel cell typically, hydrogen is an anodic 
reaction object (namely, fuel), and oxygen is a cathode oxidant. Even if hydrogen is a pure gestalt, it may be 
obtained by reforming of a methanol, a gasoline, and others, and oxygen may be a pure gestalt (namely, 02), or 
may be air. 

[0004] The engine performance of a PEM fuel cell is divided by several reasons, and it falls by lack of 
degradation of the anode plate catalyst by the carbon monoxide, the superfluous leakage between the anode 
plate side of each cell and a cathode side, hydrogen, or oxygen, contamination of the gas distribution slot of an 
2inode plate/cathode, damage on each cell, the excess of water, etc. Only by these any they are occurring by one 
or more cells in a stack, each engine performance of those cells falls and there is a possibility that the polarity of 
those cells may be reversed. If the polarity of the cell in a fuel cell stack is reversed, it will not contribute to a 
stack current but the cell will serve as a sink to all stack currents. If suitable processing of removing a resistance 
load from a stack which corrects the situation (that is, an mload is carried out) is not performed when the 
polarity of a cell is reversed, there is a possibility that a cell may be destroyed. Unlike other H2-02 fuel cells 
like comparatively firm phosphoric acid, a solid acid ghost, and a fusion carbonate cell, when a polarity is 
reversed, it is tended, as for a PEM fuel cell, to receive comparatively rapid destruction (for example, oxidation 
of a catalyst, exfoliation of MEA, etc.). 
[0005] 
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[Problem(s) to be Solved by the Invention] When being warned of the above conditions of having drawn near, 
in advance, and the situation which a polarity reverses are tense, to have the protection system of the quick 
response mold which it warns [ mold ] of it and makes an early corrective action (for example, the imload of the 
stack is carried out) start is desired. 
[0006] 

[Means for Solving the Problem] This invention supervises the engine performance of the stack of a fuel cell, 
and when the operating state from which the engine performance of one or more cells becomes the sign of the 
polarity reversals of a cell and which is not desirable is shown, it relates to the protection approach and 
equipment which start automatically a correction measure (for example, waming is emitted to the operator of a 
stack and/or the xmload of the stack is carried out). Although this invention is useful to the fuel cell stack of the 
format of arbitration, it is useful to PEM-H2-02 fuel cell which is easy to receive especially rapid destruction 
when a polarity-reversals condition occurs especially. Therefore, although this invention is related with PEM 
and H2-02 fuel cell and is explained, this invention is not limited to this here. 

[0007] About equipment, this invention is equipped with two or more fuel cells of each electrically connected to 
the serial, and contains the PEM-H2-02 fuel-cell stack which generates the stack electrical potential difference 
which is the sum of the electrical potential difference of each cell. In a normal operating state, the normal 
electrical potential difference of each cell is about 0.6 volts, and a normal stack electrical potential difference 
multiplies normal cell voltage by the nxmiber of the cells in a stack. It has two or more optoisolators (known 
also as an optocoupler), and the each is equipped with an optical emitter like light emitting diode (LED), 
photoemitter is combined with at least one of each cells in a stack — having — and the related cell voltage — 
answering ~ (1) — when the terminal voltage of the related cell is normally larger than the starting voltage (a 
value is beforehand defined by the manufacturer of an optoisolator) of photoemitter, light is emitted, and it 
becomes dark when the terminal voltage of (2) cells is smaller than the predetermined starting voltage of 
photoemitter smaller than normal values and. Moreover, each optoisolator is equipped with the photodetector 
which intercepts a current while approach photoemitter, and it is arranged, and photoemitter is answered and 
photoemitter is emitting light, and intercepts the flow of a current when through and photoemitter are dark. 
[0008] It connects with a serial electrically mutually and the photodetector of each optoisolator forms the train 
of a photodetector. A current flows through the train from a current source (for example, dc-battery). When it 
detects existence of a current or un-existing and the flow of the current of a train is intercepted, a detector emits 
waming to the operator of a stack, and/or starts a correction measure (for example, the unload of the stack is 
carried out) automatically. [ which flows in the train of a photodetector ] One optoisolator is connected to the 
cell of a pair, and the photoemitter answers the sum of the electrical potential difference of each cell in this pair, 
when the sum is more than the starting voltage of photoemitter, it emits light, and when the sum is smaller than 
this starting voltage, it is desirable [ photoemitter ] to make it become dark. It is most desirable to emit waming 
to the operator of a stack and/or to start a correction measure automatically, when a fixed current is impressed to 
the train of a photodetector from a constant current source, the electrical potential difference of the specific 
point of a train is detected by the suitable detector and the electrical potential difference becomes smaller than a 
predetermined value. 

[0009] About an approach, this invention detects the broken fiiel cell in the stack of the fuel cell by which series 
connection was carried out, and emits waming to the operator of a stack, and/or starts a correction measure 
automatically, and includes the approach of protecting a failure cell from the damage which may be produced 
by polar reversal. The step which combines this approach with an optoisolator equipped with the photodetector 
which answers the light emitted from photoemitter and this photoemitter in the cell of (a) each, and by which 
contiguity arrangement was carried out, (b) So that it may become dark when light is emitted when cell voltage 
is larger than the starting voltage of photoemitter, and cell voltage becomes smaller than starting voltage To a 
serial the step which connects photoemitter to a cell, and (c) each photodetector And the step linked to seriate, 
(d) The step which intercepts a current when a sink and which photoemitter become dark about a current 
through the train of a photodetector, while all photoemitters are emitting light, (e) When the step which detects 
the flow of the current of a train, and the current of the (f) train are intercepted, waming is emitted to the 
operator of a stack, and/or a correction measure is started automatically, and it has the step which protects 
which failure cell in a stack. As for an optoisolator, it is desirable to connect with the cell of a pair and to have 
starting voltage slightly lower than the sum of each cell voltage of the cell of a related pair. By combining the 
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cell of a pair with each optoisolator, the number of required optoisolators can be reduced and the dependability 
of a system improves. Detecting is most desirable by supervising [ the current of a train ] the electrical potential 
difference of the specific location of a sink and the (ii) train for a fixed current in the (i) train, and comparing 
the electrical potential difference of a train (iii) with predetermined threshold voltage. When taking the 
following detailed explanation into consideration with reference to an accompanying drawing, he can 
imderstand much more well this invention from which warning is emitted by the operator of a stack (for 
example, thing to do for the unload of the stack), and/or a failure cell is automatically protected when the 
electrical potential difference of a train falls from threshold voltage. 
[0010] 

[Embodiment of the Invention] Roughly, the photoemitter in an optoisolator, for example, light emitting diode, 
(LED) is connected among the both ends of two or more of a pair of fuel cells which can be set to a PEM fuel 
cell stack. Such LED has an electrical potential difference equal to the minimiim actuation (starting) electrical 
potential difference of LED between each of a pair of both ends of a fuel cell, or when higher than it, it is turned 
on (emitting light), and it becomes off when the sum total electrical potential difference of a pair of is lower 
than the starting voltage of LED (it disappears). Therefore, LED will be turned off if the engine performance of 
the cell of a pair of (originating in lack of for example, a fUel/oxidant) one side or both falls to the point that the 
polarity reversals of a cell tend to happen at any moment. If LED disappears, the part of the photodetector (for 
example, photo transistor) of an optoisolator will be in an open condition, and the current or photodetector 
which passes along a photodetector, and the current which passes along a serial circuit electrically will be 
intercepted. 

[001 1] A halt of the current in an optoisolator circuit is detected, a signal is sent to a fuel cell stack controller, a 
required corrective action (for example, a stack carries out an unload) is performed, and damage on the cell 
which made LED erase is prevented. Although a current is detectable using a current detector like a 
galvanometer, it is desirable to detect the electrical potential difference of the specific part of a train, and to 
detect a current by comparing the electrical potential difference with permission threshold voltage. The 
advantage according to rank of the diagnostic device of this invention is being able to supervise two or more 
cells to coincidence continuously rather than being able to investigating some cells. 

[0012] Drawing 1 shows the fuel cell stack 2 (a dotted line shows) containing the cell 4 according to two or 
more individuals more to the detail, and a load 6 is connected among the terminals 8 and 10 of this fuel cell. A 
switch 7 or a component equivalent to it acts so that the connection between a load 6 and the fuel cell stack 2 or 
separation (namely, unloading) may be performed. In the C£ise of electric rolling stock, in a load 6, the resistance 
changes a lot depending on a service condition including a traction motor typically. Therefore, the current 
which flows such a motor becomes large all the time, when the load to motors, such as an acceleration condition 
and a climb condition, becomes max. This same current flows the fuel cell stack 2. 

[0013] Since the cell cannot supply the current of the amount needed but serves as a current sink instead of a 
current source in at least one of each cells 4 in the fuel cell stack 2 becoming for example, the lack of a fuel, or 
hypoxia or being in a certain hyposthenia, the polarity of a cell is reversed as a result. In order to detect such 
polar reversal and other cell degradation conditions, the diagnostic system 12 equipped with two or more 
optoisolators 14, 16, 1 8, and 20 in which each has photoemitter 22 and a photodetector 24 is formed in the fuel 
cell stack 2. Preferably, photoemitter 22 consists of a light emitting diode (namely, LED), and a photodetector 
24 consists of a photo transistor. In the gestalt of implementation of illustration, other photoemitters and 
photodetectors of a format can also be used instead of LED and a photo transistor. 

[0014] It connects among the both ends of the fuel cell of a pair, and each photoemitter 22 answers the sum total 
electrical potential difference of a related pair. The resistance 21 for current limiting restricts the amount of the 
current which flows photoemitter 22. Like illustration, the photoemitter 22 of an optoisolator 14 is coimected 
ranging over a cell (a) and (b), the photoemitter 22 of an optoisolator 16 is connected ranging over a cell (c) and 
(d), the photoemitter 22 of an optoisolator 1 8 is connected ranging over a cell (e) and (f), and others are 
connected similarly. Through resistance 30, between a constant current source 26 and touch-down 28, 
electrically, each photodetector 24 in optoisolators 14-20 makes a train to a serial, and is connected to it. 
Photoemitter 22 is chosen so that it may have starting voltage slightly lower than the sum total electrical 
potential difference of two fuel cells by which series connection was carried out. Therefore, to the H2-02PEM 
fuel cell which has the open-circuit voltage of 0.6V, the TILl 1 1 mold optoisolator of starting voltage 1 . 1 VdC of 
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Motorola is chosen, and it connects ranging over each fuel cell pair which generates the svim total electrical 
potential difference of 1 .2VdC. 

[0015] When the sum total electrical potential difference of a fuel cell pair with which each photoemitter is 
combined exceeds the starting voltage of the photoemitter concerned, photoemitter 22 emits light. While all 
photoemitters are emitting light (namely, normal operating state), all the photodetectors 24 will be in a closed 
state, and a current flows through all photodetectors and load resistance 30. Electric power is supplied to a 
voltage regulator 32 from a power source 34 (for example, dc-battery), and it supplies the adjusted electrical 
potential difference 36 to a constant current source 26 and a detector 38 (it explains below). 
[0016] The electrical potential difference between the both ends of load resistance 30 is equal to what 
multiplied the current I of the train 40 of a photodetector 24 by the resistance of load resistance 30. The 
electrical potential difference of load resistance 30 is impressed to the plus input side of the comparator 42 in a 
detector 38, and is compared with the criteria/threshold voltage set up beforehand. This criteria/threshold 
voltage are established with the potentiometer 44 connected to the negative input side of a comparator 42. It is 
equal to the voltage drop in a potentiometer 46, or the voltage drop in load resistance 30 serves as a low, when 
larger than it, and the output signal 46 of a comparator 42 becomes yes when the voltage drop in load resistance 
30 is smaller than the voltage drop in a potentiometer 46, The comparator 42 is illustrated as deformation of the 
collector output which has the collector combined with the external pull-up resistor 48. 

[0017] When which photodetector 24 changed into the open condition as a result to which which photoemitter 
22 disappeared and the current of a train 40 is intercepted, the voltage drop of load resistance 30 becomes 
smaller than the voltage drop of a potentiometer 44, and the output signal 46 from a comparator 42 becomes a 
high, yes or the low output 46 from a comparator 42 ~ logic ~ "~ and it is impressed by the" circuit 50, and 
when an enable signal 54 is impressed to a circuit 50 and lets the output of a comparator 42 pass (yes, low), it is 
reproduced as an output signal 52. logic — and the ou^ut 52 from the" circuit 50 is connected to the stack 
(for example, switch 7 is opened and load 6 is separated from stack 2) controller (not shown) which starts a 
suitable corrective action. An enable signal 54 is supplied, only when a fixel cell stack will be in perfect 
operating state after a starting sequence (that is, the electrical potential difference of each cell 4 is a low) and 
stationary operating state is attained. 

[0018] The threshold level/reference voltage between the both ends of a potentiometer 44 are electrical potential 
differences which need a corrective action, such as carrying out an unload, with the up side by judging that the 
fiiel cell stack 2 is in normal operating state, considering that the fuel cell stack 2 is in an abnormal condition 
with the down side, and separating a load 6 from the fuel cell stack 2 electrically. The capacitors 56 and 58 of a 
pair work so that the electrical noise of a circuit may be removed or controlled. 

[0019] Although this invention was explained in relation to the gestalt of specific operation, this invention is not 
limited to it. 

[Translation done.] 
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